Laminate and structural mechanics for the analysis of laminated composite plate structures with piezoelectric actuators and sensors are presented. The theories implement layerwise representations of displacements and electric potential, and can model both the global and local electromechanical Allik R and Hughes T. J. IL (1970). Finite Element for Piezoelectric Vibration. International J. for Numerical Methods in Engineering 2, 151-157.
. The work in this paper butds on previous layerwise laminate theories (geddy (1987) , Robbins and Reddy (1991),
Robbins and Reddy (1993)), as well as, on that of the authors (Saravanos (1993), Saravanos 
Material

Representation
The constitutive equations of a piezoelectric material are given by Tiersten (1969),
where: ij = 1,...,6 and k,l= 1,...,3; o i and Si are the mechanical stresses and engineering strains in vectorial notation; Ek is the electric field vector; D_ is the electric displacement vector; s_ and C_ are the elastic compliance and stiffness tensors; d o and e Uare different forms of the piezoelectric tensor;
and _ is the electric permittivity tensor of the material. Superscripts E, o, and S indicate constant electric field, stress and strain conditions, respectively.
The electric field vector E k is the gradient of the electric potential dp
The materials are assumed to be monoclinic class 2 crystals with a diad axis parallel to the z axis. The poling direction of the material is assumed coincident with the z axis. and (2) the formulation entails the inherent option to select the detail of approximation in both electric and displacement fields. At the lower limit of one discrete-layer (N=2) the method reduces to "singlelayer" type of laminate theories, and for linear T(z) it reduces to the first-order shear theory.
Moreover, the through the thickness displacement can be assumed constant (TW(z)=l) or variable, whichestablishes the difference between the two laminate theories. The first, which will be identified as the w-constant theory, results by assuming _FW(z)=l in eqs. (5) and is effectively a plate laminate theory. The second, which is identified as the w-variable theory, is a three=dimensional laminate theory. In the present paper only linear interpolation fi_nctions _F(z) were considered.
In the context of eqs. (5), the engineering strain and electric field components become, 
where L is the number of plies in the laminate. technique, which is subsequently described.
Finite Element Formulation
For structural problems with general boundary, geometry and material configurations, the local in- 
The elements of these matrices are calculated from the generalized laminate matrices defined in eqs.
(10-12) as determined by the variational statement. (Fig. 2) , while significant deviations and errors may be observed in thick plates (Fig. 3) .
Modal Stresses.
The predicted modal stresses through the thickness of the laminate are shown in 
Effect of Electric
Conditions. Figs. 6a-d illustrate the effect in the modal in-plane displacements, dectric potential, and stresses of the thick plate, when different conditions are imposed on the electric potential at the inner surfaces of the piezoelectric layers. Specifically, the cases of forced (equal to zero) and flee electric potential are shown in Fig. 6, identified as closed-circuit  (C) and open-circuit (O) conditions respectively. As seen in Fig. 6a the voltage conditions have a definite effect on the modal in-plane displacements, as a result of the different electric fields in the piezoelectric layers (see Fig. 6b ). It is interesting to note that electric fields exist in the piezoelectric layers even with the closed-circuit conditions. The effects of electric conditions are more profound in the in-plane stress o x (Fig. 6c ) and the interlaminar shear stresses (Fig. 6d) , and are attributed primarily to the differences in the piezoelectric stress component (see eq. (2)).
Composite Plates with Discrete Piezoelectric Patches
The present applications illustrate the natural capability of the finite element to model more realistic configurations of smart structures, that is: (a) discrete piezoelectric actuators/sensors, and Co) continuous electrodes on the f_ee surfaces which force the sensory electric potential to remain uniform. The plates considered in this example and the corresponding meshes are shown in Fig. 7 Table   1 . Both plates were modeled using the w-constant theory with 3 discrete layers.
[0/±45], Cantilever Plate. Fig. 8 shows the predicted transverse deflection ofthe 0.83 mm thick [1_0/901451-45], Cantilever Plate. Figs. 9-10 show the predicted first two electromechanical modes of this plate (Fig. To) . All piezoceramic layers were configured to act as sensors, with continuous electrodes on each surface, which were represented with equality constraints imposed on the respective electric potential. There is a characteristic modal voltage distribution corresponding to the characteristic distortion of each mode. The first mode (Fig. 9) is almost a pure first bending mode in the axial direction. The second mode (Fig. I0) 
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